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MEASUREMENT OF CHARGED PION YIELDS FROM NUCLEI I N  THE (p,n+) REACTION FROM 
2-13 MeV ABOVE THRESHOLD 
P.H. P i l e ,  R.E. Pollock,  R.D. Bent, R.E. Marrs and M.C. Green 
Proton induced p o s i t i v e  pion production d i f -  4 t o  14  MeV range. The th ree  element s t ack  does 
f e r e n t i a l  c ross  s ec t ions  have been measured f o r  n o t  include e i t h e r  the  AE s i l i c o n  o r  the  A 1  ab- 
various n u c l e i  u t i l i z i n g  the  DD pion spectro-  sorber  and the  10 m i l  s c i n t i l l a t o r  is  replaced by 
meter. The Db spectrometer  has made poss ib l e  a 5 m i l  s c i n t i l l a t o r .  The 3 element s t ack  is 
the  measurement of p o s i t i v e  pion cross  s ec t ions  s u i t a b l e  f o r  de t ec t ing  pions wi th  ene rg i e s  g r e a t e r  
c lo se r  t o  threshold  than previously reported by than 1.5 MeV. I n  add i t i on  t o  t he  energy l o s s  
o t h e r  groups. Pions w i th  labora tory  energies  information obtained from the  de t ec to r s ,  TOF be- 
a s  low a s  2 MeV and d i f f e r e n t i a l  c ross  s ec t ions  a s  tween the  cyclo t ron ' s  RF and the  p l a s t i c  s c i n t i l -  
low a s  1 nb / s r  have been observed. l a t o r  and pulse shape d iscr iminat ion  i n  t he  5mm 
The energy and A dependence of the  p o s i t i v e  pion s topping  de t ec to r  were used. I n  order  t o  observe 
production process is being s tud ied  using ~ O B ,  13c, cross  s ec t ions  of the  order  o f  1 nb / s r  i n  t he  
160, and 'Ozr t a r g e t s .  Complete angular  d i s t r i -  forward d i r ec t ion  (high background region) a 
but ions  have been obtained f o r  pion production t o  t he  f u r t h e r  requirement was made t h a t  t he  pos i t ron  
ground s t a t e s  of l l B ,  14c, and 170 a t  Tp = 155 MeV from the  muon's decay be observed. This requi re-  
(TnCem. = 10,lO and 8 MeV re spec t ive ly ) ,  l l B  and ment reduces t he  de t ec to r  s t a c k ' s  e f f i c i e n c y  by a 
14c a t  Tp = 151 MeV (Tnc.m. = 7 MeV ) ,  4 1 ~ a  a t  Tp = varying f a c t o r  of  2 o r  3 bu t  reduces t h e  background 
144 and 140 MeV (T,c.m. = 7.8 and 3.8 MeV) and events by more than an order  of magnitude and com- 
"zr a t  Tp = 144 MeV (Tncern. = 8 MeV). The energy p l e t e l y  e l imina t e s  t he  h igh  energy t a i l  i n  t he  
dependence of  t h e  d i f f e r e n t i a l  c ross  s ec t ions  summed energy spec t r a  due t o  t h e  decay pos i t rons .  
(elab = 25 deg) f o r  t he  production of l l B  ground Fig.  1 shows an example of t he  d a t a  obta ined  i n  
, 
s t a t e  pions has been extended down t o  T, - the  144 MeV calcium run with a l l  appropr ia te  
c.m. I 
1.7 MeV (2.2 MeV above threshold) .  background cu t s  appl ied .  The p l o t s  show summed 
The de t ec to r  s t ack  used cons is ted  of 3 t o  5 energy ( includes 4.1 MeV from the  n+p+v decay) vs. 
elements. The 5 element s t a c k  cons i s t s  of  a  100 vm AE and the  r e l a t i v e  RF TOF. The ground s t a t e  and 
A 1  absorber and a 10  m i l  NE 102 p l a s t i c  s c i n t i l l a t o r  2 MeV doublet  of 4 1 ~ a  a r e  c l e a r l y  observed a s  we l l  
followed by a s i l i c o n  de t ec to r  s t a c k  cons i s t i ng  of a s  a  few pions from h ighe r  exc i t ed  s t a t e s .  The 
a 200 -t 500 urn x 150 mm2 AE, 5000 um x 100 mm2 stop- c ross  s ec t ion  f o r  t he  production of t he  ground 
ping d e t e c t o r  and a 500 pm x 450 mm2 ve to  de t ec to r .  s t a t e  pions shown i n  Fig. 1 is  approximately 
This s t ack  i s  s u i t a b l e  f o r  de t ec t ing  pions i n  t he  8 nb / s r .  
Figures  2 and 3 d i s p l a y  samples of the  angular  
d i s t r i b u t i o n s  (prel iminary)  ob ta ined  w i th  t h e  Db. 
F igure  3 a l s o  inc ludes  the  angular  d i s t r i b u t i o n  taken 
wi th  t h e  QDDM spec t rograph  a t  T = 160 MeV (Ref. 1 )  . P 
Figures  4 and 5 show t h e  e x c i t a t i o n  func t i on  f o r  
calcium and boron and inc lude  po in t s  taken wi th  t h e  
QDDM a t  I U  a s  w e l l  a s  p o i n t s  der ived  from Uppsala 
d a t a  (Ref. 2 and 3) .  The Uppsala d a t a  p o i n t s  a r e  
m u l t i p l i e d  by a f a c t o r  of 1 . 8  t o  normalize t h e i r  d a t a  
t o  t h a t  of IUCF (Ref. 4 ) .  
These d a t a  combined wi th  h ighe r  energy d a t a  
from o t h e r  groups should provide a s eve re  t e s t  o f  
competing p ion  production models. 
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